A modified oxidation-fermentation medium was developed as a practical medium for highly sensitive Cystine-Trypticase agar (CTA; BBL Microbiology Systems, Cockeysville, Md.) has been considered unsuitable for detecting acid production from carbohydrates by Neisseria spp. for many years (9, 14) . In Seattle and Chicago (13) much difficulty has been experienced in detecting acid production from glucose by fastidious strains of Neisseria gonorrhoeae. We approached the problem initially by heavily inoculating 1.0 ml (instead of 2.5 ml) of the carbohydrate-containing CTA medium. With this approach, glucose utilization by fastidious strains of N. gonorrhoeae was demonstrable more consistently, but often several plates of fastidious gonococci were required to provide sufficient inoculum.
A modified oxidation-fermentation medium was developed as a practical medium for highly sensitive and specific detection of acid production from carbohydrates by Neisseria spp. and Branhamella catarrhalis. A total of 756 strains representing 17 Neisseria spp. and Branhamella catarrhalis were tested in this medium, in which the protein concentration was reduced relative to the carbohydrate concentration, phenol red was substituted for bromthymol blue at a low concentration, and the initial pH was adjusted to 7.2. Sugar utilization patterns were consistent with published results and with other cultural and biochemical characteristics for these species. The reactions obtained using this medium were qualitatively better and more reproducible than those obtained in cystine-Trypticase agar (BBL Microbiology Systems, Cockeysville, Md.) medium.
Cystine-Trypticase agar (CTA; BBL Microbiology Systems, Cockeysville, Md.) has been considered unsuitable for detecting acid production from carbohydrates by Neisseria spp. for many years (9, 14) . In Seattle and Chicago (13) much difficulty has been experienced in detecting acid production from glucose by fastidious strains of Neisseria gonorrhoeae. We approached the problem initially by heavily inoculating 1.0 ml (instead of 2.5 ml) of the carbohydrate-containing CTA medium. With this approach, glucose utilization by fastidious strains of N. gonorrhoeae was demonstrable more consistently, but often several plates of fastidious gonococci were required to provide sufficient inoculum.
Oxidative organisms such as the Neisseria spp. produce less acid than do fermentative organisms. In addition, Neisseria spp. produce ammonia from peptone (6) , so that any acid produced from carbohydrate may be partially or completely neutralized if the concentration of peptone is high. The oxidation-fermentation medium developed by Hugh and Leifson (12) contains a lower concentration of peptone relative to the concentration of carbohydrate than is found in CTA medium. In preliminary studies, we found that gonococci failed to give an acid reaction in this medium. We have therefore developed a modified oxidation-fermentation (MOF) medium to detect carbohydrate utilization by Neisseria spp. and Branhamella catarrhalis. This MOF medium has proven more sensitive than conventional CTA medium for detection of carbohydrate utilization by these species.
MATERIALS AND METHODS Strains. The strains used in this study are listed in Table 1 . They include the taxonomic type strains, laboratory strains, and primary isolates of pathogenic and commensal species from human subjects and rabbits. Strains of N. gonorrhoeae, Neisseria meningitidis, and Neisseria lactamica were isolated on Thayer-Martin medium from consecutive patients attending a Sexually Transmitted Diseases clinic. The strains were purified on chocolatized blood agar, and their identities were confirmed by Gram stain, oxidase reaction, and carbohydrate utilization tests. Tests of taxonomic type strains, laboratory strains, and selected N. gonorrhoeae, N. meningitidis, and N. lactamica strains were performed both in CTA medium and MOF medium. Tests of freshly isolated commensal Neisseria spp. were tested in MOF medium. Strains of commensal species were isolated on sheep blood bilayer plates and purified on this medium, and their identities were confirmed as for the pathogenic species. Additional biochemical tests performed to confirm their identity included reduction of nitrate and production of polysaccharide from sucrose. Laboratory strains were cultured on supplemented GC base medium (Difco Laboratories, Detroit, Mich. [19] ) and grown at 36°C in a C02-enriched atmosphere. Strains were stored at -70°C.
Nitrate reduction tests were performed in nitrate broth (Difco) containing potassium nitrate at a final concentration of 0.1% and supplemented with 1% heat-inactivated horse serum. Tests for nitrate reduction were made daily for up to 5 days. Zinc powder was added to detect residual nitrate in each negative test reaction.
Production of polysaccharide from sucrose was detected on heart infusion agar medium containing 5% sucrose which was streak inoculated with the test strain. Plates were incubated for 48 h at 36°C and tested with a drop of Lugol iodine (Gram strain reagent diluted 1:4); a positive reaction was recorded if a dark blue color developed immediately (3) .
Preparation and use of MOF medium. The basal medium contains 0.2% proteose peptone no. 3 (Difco), 0.5% NaCl, 0.03% dipotassium hydrogen phosphate, 0.03% agar, and 0.25 ml of 0.017% phenol red solution per liter. These ingredients were dissolved and sterilized at 121°C for 15 min. Filter-sterilized carbohydrate solutions were added to a final concentration of 1% (vol/vol), the pH was adjusted aseptically to 7.2, and the medium was dispensed in 2.5-ml volumes in 12-by 75-mm sterile tubes (Falcon Plastics, Oxnard, Calif.). The basal medium may be stored at room temperature for at least 2 months. The complete medium may be stored at 4°C for several months and at room temperature for several weeks provided desiccation does not occur. Room temperature storage before inoculation is desirable to detect any contaminated medium. Best results were obtained when a heavy inoculum was removed from a pure subculture with a single wipe of a cotton applicator, which was then stabbed with the MOF medium along the side of the tube and then rotated against the side of the tube as it was withdrawn to express a very dense inoculum. Distribution of the inoculum throughout the tube interfered with the accurate assessment of acid production. Growth from one streak plate of gonococcal culture on supplemented GC base medium was sufficient to inoculate six carbohydrate tests. Only when gonococci had lysed so that growth was adherent and difficult to harvest was additional inoculum desirable or a longer incubation time required. For other species, growth from secondary and subsequent streaks of a streak plate culture was sufficient to inoculate six tests. Tests were incubated at 36°C without supplementary CO2. When glucose-utilizing organisms were harvested from supplemented GC base medium (which contains glucose) and inoculated into MOF medium without glucose, slight acidification of the MOF medium sometimes occurred due to acid. production from the glucose carried with the inocufum. This reaction often persisted for about 2 h, after which the permanent reaction developed. Some 
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Comparison between CTA and MOF media for detection of acid production by taxonomic type strains and laboratory strains. The taxonomic type strains, excluding Neisseria cuniculi, and 37 laboratory strains were tested concurrently in CTA and MOF media containing glucose, maltose, sucrose, mannitol, and lactose. Concurrently, strains were tested for polysaccharide production and nitrate reduction. The acid reaction patterns obtained for these strains in MOF medium agreed with those reported in the literature ( Table 2 ). All acid reactions in MOF and CTA media were compared with the phenol red color standards to make a semiquantitative estimate of the acid detected in these media. For reactions in MOF medium all strains produced sufficient acid to lower the pH to ',6.8, whereas acid reactions in CTA media did not lower the pH below 7.0, except for maltose and sucrose reactions by Neisseria perflava, N. sicca, and N. mucosa. The reactions for tests in MOF medium are incorporated in Table 4 .
Comparison between CTA and MOF media for detection of acid production by clinical isolates of N. gonorrhoeae, N. meningitidis, and N. lactamica. Forty-four strains of N. gonorrhoeae, 17 strains of N. meningitidis, and 4 strains of N. lactamica were isolated from 44 consecutive patients attending an STD clinic, cultured on Thayer-Martin medium, purified on chocolatized blood agar, and tested in both CTA and MOF media containing glucose, maltose, sucrose, or lactose. Twelve (35%) of 34 strains of N. gonorrhoeae failed to produce detectable acid from glucose in CTA medium, whereas only 2 (6%) of 34 strains produced sufficient acid to acidify the medium to pH 6.8 or lower when compared with phenol red color standards. The remaining 20 (58%) of 34 strains acidified the medium to pH 7.0. In contrast, all strains produced detectable acid in MOF-glucose medium, and 21 (61.8%) of 34 strains acidified the medium to pH 6.8 or lower. The remaining strains acidified the medium to pH 7.0. Acid reactions in CTA-glucose medium were limited to the top portion of the tube, whereas acidification in MOF-glucose was uniform throughout the medi- tions based on cultural characteristics and acid production from carbohydrates. Acid production tests were performed either on litmus ascitic agar or in serum peptone sugars containing 5% inactivated horse serum with Andrade indicator. Elser and Huntoon (10) described three chromogenic groups, I, II, and III, which were identified as Neisseria perfiava, N. flava, and N. subflava, respectively, and produced acid from carbohydrates as shown in Table 2 . They noted that acid reactions from some carbohydrates was not detectable for up to 7 days. When studying the chromogenic strains, Wilson (21) found that detectable acid was produced from glucose and maltose only after 2 to 3 days and from sucrose only after 4 to 6 days. Results for some tests were not reproducible. Wilson into a number of species, catarrhalis, flavus, cinereus, mucosus, siccus, they should be grouped under the broad term Neisseria pharyngis." It should be noted, however, that none of the early classifications included the nitrate reduction or polysaccaride production tests, which have been so useful in more recent classifications. CTA medium was developed by Vera (16) for practical purposes since the medium could be autoclaved and consequently was prepared more conveniently than either ascitic fluid-or serum-containing media used routinely at that time. This medium proved satisfactory not only for culture of N. gonorrhoeae but also as a medium suitable for detection of acid production from carbohydrates. It was intended that this medium should support growth of strains, and all 35 strains of N. gonorrhoeae produced acid reactions from glucose within 24 h, obviously a vast improvement of the earlier methods. CTA medium became the medium of choice for detection of acid production of Neisseria spp. in the United States.
The oxidation-fermentation medium developed by Hugh and Leifson (12) permits detection of acid production by oxidative organisms, which produce less acid than do fermentative organisms, and by organisms such as Neisseria spp., which produce ammonia from peptone, neutralizing some or all of the acid produced in peptone-containing media. In our study, the initial pH was adjusted to 7.2, and phenol red Table 2 .
(pK, 7.9) was substituted for bromthymol blue (pK, 7.0). Phenol red was used at a fixed concentration of 0.0425 mg/liter rather than at the concentration used in CTA medium (17 mg/liter), because the higher concentration inhibited the acid reaction, perhaps due to its buffering capacity; when reduced to the intensity approximating that of the phenol red color standard, acid reactions for the taxonomic type strains were distinct and consistent. We were faced with a dilemma when evaluating MOF medium for speciating Neisseria spp., since the standard CTA medium with which the MOF medium would be compared was itself considered unreliable for detecting acid production by some Neisseria spp. (4, 9, 14) . For this reason we tested MOF medium in three phases. We compared the acid reaction patterns in MOF medium for the taxonomic type strains and the named laboratory strains provided by other laboratories with the reaction patterns reported in the literature ( Table 2 ). The sensitivity of the MOF medium was demonstrated by comparison with reactions obtained concurrently in CTA medium. By comparison with the LaMotte phenol red color standards we determined that when acid was produced, the MOF medium was acidified to .pH 6.8, but that CTA medium was not acidified lower than pH 7.0. It was shown that reactions obtained in MOF medium were accurate and more distinct than those obtained in CTA medium.
The second phase of the evaluation was to confirm the sensitivity of the MOF medium for determination of acid production from glucose by N. gonorrhoeae, N. meningitidis, and N.
lactamica. This was done for three reasons.
First, it has been shown that CTA medium has given unreliable results for N. gonorrhoeae strains (9, 14) , but since the acid reaction pattern for this species is well accepted we could demonstrate the sensitivity of MOF medium relative to CTA medium. Second, evaluation of freshly isolated strains was desirable since it has been shown that acid production from glucose (and fructose) is more difficult to detect in freshly isolated strains. Third, it has been demonstrated that reactions for some carbohydrate tests are not stable (5), and we wished to evaluate MOF medium in this respect. We demonstrated accurate and sensitive detection of acid reactions for all strains which were tested from the first subculture of primary isolates and further that all color reactions were stable, even when media were stored for several days, whereas color reactions in CTA medium were not stable for some carbohydrates.
The third phase of the evaluation of MOF medium was to determine the acid reaction patterns for the putative saccharolytic Neisseria spp., N. mucosa, N. sicca, N. perflava, N. flava, and N. subflava. We faced a dilemma when considering these species since their taxonomic position has not been conclusively defined. These species were initially described as Diplococcus mucosus (18a), D. pharyngis siccus (18a), chromogenic group I (10), chromogenic group 11 (10) , and chromogenic group III (10), respectively. (Although von Lingelsheim described D. pharyngisfiavus groups I, II, and III, he did not determine acid production from fructose.) Acid reactions were determined for all of these species (except N. mucosa) by Elser and Huntoon (10) ; the reactions are those listed in Table 2 . N. mucosa strains were not recognized by either Elser and Huntoon or later workers since they did not use the nitrate reduction test, which permits differentiation between N. mucosa and the other saccharolytic species. This species was not recognized and described again until 1959 (17, 18) . The species N. sicca, N. perflava, N. flava, and N. subflava were maintained in editions of Bergey's Manual of Determinative Bacteriology as discrete species between 1923 and 1957 . N. sicca strains were distinguished from N. perflava strains solely on the basis of colonial morphology since both species produced acid from glucose, maltose, sucrose, and fructose.
At the time of the studies of Berger and coworkers (2, 4, 5, 7, 8) , the recognized species of chromogenic saccharolytic neisseriae included 18, 1983 on October 26, 2017 by guest http://jcm.asm.org/
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The use of MOF medium does not permit rapid detection of sugar utilization, although reactions by strong acid producers such as N. meningitidis, N. lactamica, N. perflava, N. sicca, and N. mucosa could be read accurately at 6 to 8 h. We obtained unequivocal results for all species. These reactions were consistent upon repeated testing and were consistent with other differential biochemical characteristics for these species.
The results obtained in this study contrast with those obtained by Berger (2), who modified the oxidation-fermentation medium by substituting phenol red for bromthymol blue, lowering the initial pH to 7.1, and adding heat-inactivated horse serum to a final concentration of 5% (vol/vol), and phenol red at a final concentration of 6.25 mg/liter. Berger was unable to detect acid production from glucose by one of two strains of N. gonorrhoeae or by one of two strains of N. meningitidis, and he abandoned further investigation of this medium. In early investigations in our laboratory, we also attempted to stimulate growth of gonococci in MOF medium by the addition of heat-inactivated horse serum without success. Subsequently, we decided upon the use of a heavy inoculum sufficient to produce acid without requiring growth (although some strains of both pathogenic and commensal species do grow at the surface of MOF medium).
In agreement also with the observations of Berger, we found that fructose is slightly unstable and that MOF-fructose medium acidified slightly when stored, but results in this medium have been unequivocal, and we have experienced no difficulty in differentiating fructosepositive N. flava from fructose-negative N. subflava.
MOF medium offers several practical advantages. Both the medium base, and the complete carbohydrate-containing media may be stored at room temperature for up to 2 months, provided desiccation does not occur. Media may be inoculated as required; no additional preparation of reagents is required at the time of inoculation. MOF medium has been used in our laboratory since 1978 for routine species identification of Neisseria spp. isolated on Thayer-Martin medium without evidence of aberrant results when compared with the results of other biochemical and serological tests.
MOF medium is proposed as an alternative medium for accurate detection of acid production from carbohydrates by Neisseria spp. and B. catarrhalis in clinical laboratories and for taxonomic studies.
